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® Dielectric ceramics. 



® A dielectric ceramics which has a composition represented by the following general formula (I) and having a 
substantially perovsklte crystal structure: 
(Ba,.xSrx) (Mg,^^NiyCOw)i.u (Tai-zNbzluOp ... (I) 

wherein x, y. z, u. w and p satisfy one selected from the following conditions: x = 0. w = 0, z = 0. 0.OO1 ^ y ^ 
0.088, 0.66 ^ u < G.72« and p represents a number with which the charges of the cations of 6a, Mg. Ni and Ta 
are neutralized, whereby the entire composition is electrically neutralized; x = 0. z = 0, 0.001 ^ y ^ 0.40. 0.001 
S w ^ 0.40, 0.61 S u ^ 0.72, 0.002 ^ y w :S 0.40 and p represents a number with which the charges of the 
cations of Ba. Mg. Ni, Co and Ta are neutralized, whereby the entire composition is electrically neutralized; x = 
0, w = 0. 0.04 ^ y ^ 0.90, 0.10 ^ z < 0.96, 0.61 ^ u ^ 0.72, and p represents a number with which the charges 
of the cations of Ba, Mg, Ni. Nb and Ta are neutrafized, whereby the entire composition Is electrically 
neutralized; and w = 0, 0 < x ^ 0.25, 0 ^ y £ 0.5, 0 ^ z ^ 0.8, 0.61 ^ u 5 0.72, and p represents a number with 
which the charges of the cations of Ba, Sr. Mg, Ni. Ta and Nb are neutralized, whereby the entire com|308ition is 
^electrically neutralized. 
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DIELECTRIC CERAMICS 



BACKGROUND O F THE INVEIMTiON 

Reld of the Invention 

5 

The present invention relates to a dielectric ceramics and. more particularly, to a dielectric ceramics 
which has a high unloaded Q In a high-frequency range, thereby being suitable as a dielectric appliance for 
high frequencies. 

to 

Description of the Prior Art 

A dielectric resonator and a dielectric substrate which are used for a signal circuit in a high-frequency 
range such as microwaves and milH waves are generally required to use a dielectric ceramics which has a 

75 high dielectric constant a high unloaded Q, and a small absolute value of the temperature coefficient of the 
resonant frequency. For dielectric ceramics of this kind, T1O2 materials have conventionally been used. For 
example. BaO-Ti02 and 2r02-Sn02-Ti02 materials, and recently, Ba(Zn. Ta)Q3 and Ba(Mg. Ta)03 materials 
have been utilized. Dielectric ceramics made of these materials are characterized in that the unloaded Q is 
3.000 to 7.000, the dielectric constant is 20 to 40, and the temperature coefficient of the resonant frequency 

20 Is as small as approximately 0 ppm/"C at a high frequency of about 10 GHz. 

Communication apparatus have recently been adopting increasingly higher frequencies, and a dielectric 
ceramics having a higher unloaded Q is required in the SHF band used for satellite broadcasting, etc. 



25 SUMMARY OF THE INVE^4nON 

Accordingly, it is an object of the present Invention to provide a dielectric ceramics made of a novel 
materia] in order to exhibit a higher unloaded Q. 

To achieve this aim, the present invention provides a dielectric ceramics which has a composition 

30 represented by the following general formula (I) and having a substantially perovskite crystal structure: 

(Bai-xSrx) ^Mg^^^ NiyCOw)i-u (Tai.z NbJuOp ... (I) wherein x, y. 2, u, w and p satisfy one selected from the 
following conditions: x = 0, w = 0, z = 0, 0.001 ^ y ^ 0.088, 0.66 ^ u < 0.72, and p represents a number 
with which the charges of the cations of Ba, Mg. Ni and Ta are neutralized, whereby the entire composition 
is electrically neutralized; x = 0, z = 0, 0.001 S 0.40. 0.001 ^ w ^ 0.40. 0.61 ^ u ^ 0.72, 0.002 ^ y w 

35 S 0.40 and p represents a number with which the charges of the cations of Ba. Mg, Ni. Co and Ta are 
neutralized, whereby the entire composition is electrically neutralized; x = 0, w = 0, 0.04 ^ y ^ 0.90. 6.10 ^ 
z < 0.96, 0.61 ^ u ^ 0.72, and p represents a number with which the charges of the cations of Ba, Mg, NI, 
Nb and Ta are neutralized, whereby the entire composition is electrically neutralized; and w » 0, 0 < x ^ 
0.25. 0 ^ Y s 0.5, 0 ^ z ^ 0.8, 0.61 ^ u < 0.72, and p represents a number with which the charges of the 

40 cations of Ba, Sr. Mg, Ni, Ta and Nb are neutralized, whereby the entire composition is electrically 
neutralized. 

The above and other objects, features and advantages of the present Invention will become clear from 
the following description of the preferred embodiments thereof, taken in conjunction with the accompanying 
drawings. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is an X-ray diffraction chart of an embodiment of a dielectric ceramics according to the present 
so invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the ^ove-described general formula (I), x, y, z, u and w which represent the composition ratio of 
each cation are important in order to enhance the unloaded Q in a high-frequency range, which is one of 
5 the objects of the present invention, and the respective ranges of x« y. s. u and w are so determined as to 
achieve this object 

If X = 0, w = 0. and z = 0. the general formula (I) becomes Ba{(Mgi^iy)i^ Tau}Op. The ranges of y 
and u are restricted to the following ranges: 0.001 ^ y ^ 0.088 and 0.66 ^ u < 0.72. If y exceeds 0.088, the 
unloaded Q is lowered, while if it Is less than 0.001, the raw material is difficuit to sinter. On the other hand, 

70 if u is less than 0.66, the raw material is difficult to sinter, while if it is 0.72 or more, the unloaded Q is 
unfavorably lowered and the temperature coefficient of the resonant frequency rapidly incregees in the 
positive direction. It is preferable that 0.66 S 0.68. 

If X = 0 and z - 0. the general formula (i) becomes Ba{(Mgi^NiyCow)i^Tau}Op . The ranges of y and 
w are restricted to the following ranges: 0.001 ^ y S 0.40 and 0.001 S w S 0.40. If y or w is less than 0.001 . 

75 the raw material is difficult to sinter or the unloaded Q is lowered. If y or w exceeds 0.40, the unloaded Q is 
lowered. The range of y + w is 0.002 ^ y + w^ 0.40, preferably 0.002 ^ y + w S 0.35. If y + w is less 
than 0.002, the raw material is difficult to sinter, while if it exceeds 0.40. the unloaded Q is unfavourably 
lowered and the temperature coefficient of the resonant frequency suddenly increases in the negative 
direction. When y -i- w is in the range of 0.002 to 0.40, it is possible to adjust the temperature coefficient of 

so the resonant frequency to a given value. Specifically, if y + w is in the range of 0,002 to 0.15, it is possible 
to adjust the temperature coefficient to 0 to 10 ppm/*C, and if y + w is in the range of 0.15 to 0.40. it is 
possible to adjust the temperature coefficient to a given value ranging from O to -13 ppm/**C. The range of u 
is 0.61 ^ u ^ 0.72, preferably 0.66 ^ u :S 0.68. If u is less than 0.61 , the raw material is difficult to sinter, 
while if it exceeds 0.72, the unloaded Q is unfavorably lowered and the temperature coefficient of the 

25 resonant frequency suddenly increases in the positive direction. 

In the case of x = 0 and w = 0, the general formula (I) becomes Ba(Mgi.yNty) ,^1 (TavaNbJuO p. The 
ranges of y and u are restricted to the following ranges: 0.04 Sy S 0.90 and 0.61 ^ u ^ 0.72, preferably 
0.66 ^ u ^ 0.68- If y exceeds 0.90, the unloaded Q is lowered, while if y is less than 0.04 or u exceeds 0.72, 
the unloaded Q is unfavorably lowered and the temperature coefficient of the resonant frequency increases 

30 too much in the positive direction. If u Is less than 0.61 , the raw material is difficult to sinter. 

In the case of w = 0. the general formula (I) becomes (Ba,.xSr,c) (Mgi-yNiy),^ (Ta,.2Nbz)uO p. The ranges 
of x,y. z and u are restricted to the following ranges: 0 < x ^ 0.25, 0^ y 0.5. 0 ^ z ^ 0.8, and 0.61 ^ u ^ 
0.72. If X is 0. namely, no Sr is contained, the raw material is difficult to sinter, while if x exceeds 0.25, the 
temperature coefficient of the resonant frequency unfavorably rapidly increases in the positive direction. 

35 The value of y may be zero, in other words, no Ni nr\ay be contained in the raw material, while if y exceeds 
0.5, the unloaded Q is lowered. The value of z may be zero. In other words, no Nb may be contained In the 
raw material, while if z exceeds 0.8, the unloacted Q is unfavorably lowered and the temperature coefficient 
of the resonant frequency increases too much in the positive direction. 

The symbol p may be any number with which the charges of the cations of the elements constituting 

40 tiie compositions represented by the general formula (I) are neutraOzed, whereby the entire composition is 
electrically neutralized. 

A dielectric ceramics according to the present invention has a substantially perovskite crystal structure. 
That is. a phase of a perovskite crystal structure is observed in the dielectric ceramics and hardly any other 
phase is observed by X-ray diffraction. 

45 A dielectric ceramics according to the present invention is produced not by a specified method but an 
ordinary method. For example, powdei^ of barium carbonate, strontium carbonate, magnesium oxide, nickel 
oxide, tantalum oxide and niobium oxide are weighed as materials for Ba, Sr, Mg, Ni. Ta and Nb 
components, respectively, so that a ceramics of the desired composition may be obtained. These powders 
are thoroughly mixed. The mixture is calcined, pulverized and press molded. The molded txxly obtained is 

50 sintered at a temperature of about 1 ,500 to 1 ,650"* C to obtain a dielectric ceramics of the present invention. 
The present invention v^ll be explained in detail with reference to the following examples and 
comparative examples. 
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Example 1 

As a raw material, powders of barium carbonate, magnesium oxide, nickel oxide and tantalum oxide, 
each having the purity of 99^ wt%, were prepared. These powders were weighed so as to prepare 8 fdnds 
5 of samples shown in Table 1 (the samples marked with " are comparative examples, and the others are 
embodiments of the present Invention) which have the respective values shown in Table 1 as the values of 
y and u In the general formula (I): 

Ba{(Mgi^y)i^Tdtt}Op. The powders were charged Into a pot of a ball mill together with pure water and wet 
blended for 16 hours- The mixture was taken out of the pot and dried at ISO^C for 5 hours. Thereafter, the 

70 mixture was calcined at 1,000'C for 2 hours in the ar. After calcination, it was pulverized and screened 
through a sieve of 42 mesh- The thus-obtained powder was molded into a disk 10 mm in diameter and 5 
mm in thickness at a pressure of 500 kg/cm^ by using a die, and was thereafter pressed at a pressure of 
2,000 kg/cm^ by a mbber press to obtain a formed body. The formed body was sintered at 1.650^C for 4 
hours in a stream of oxygen, thereby obtaining ceramics. 

7S The dielectric constant (cr) and the unloaded Q (Qu) of the thus-obtained ceramics were measured at a 
frequency of about 10 GHz by the dielectric resonator method. The resonance frequencies in the 
temperature range of -10 to 80*C were measured so as to calculate the temperature coefficient (rf) of the 
resonant frequency at 20*C. The results obtained are shown in Table 1. 

20 

Example 2 

As raw material, powders of barium carbonate, magnesium oxide, nickel oxide, cobalt oxide and 
tantalum oxide, each having the purity of 99.9 wt%, were prepared. These powders were weighed so as to 
25 prepare 24 kinds of samples shown in Table 2 (the samples marked with ' are comparative examples, and 
the others are embodiments of the present Invention) which have the respective values shown in Table 2 as 
the values of y, w and u in the general formula (1): Ba{(Mgi.y^iyCoy,) isiTau}Op. A ceramics was obtained 
In the same process and under the same conditions as In Example 1 . 

The dielectric constant (cr). the unloaded Q (Qu) and the temperature coefficient (rf) of the resonant 
30 frequency were measured in the same was in Example 1 . the results being shown in Table 2. 
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Table 1 ■^^''^fi^*^'''"-<^- - 



1 

Sample No- t-"-' = 


— _-. 
y and u 


- • — — — — • 
in the 


" • ■- , 


I 


> 




general 


formula (I) 


er 


Qu 


Tf ' 




y 


u 






(ppm/^C) 


~i 


! 0.005 


0.67 


24.9 


16,300 


6.1 


2 


0.010 


0.67 


25.0 


17,700 

■ 


5.8 


3 


! 0.030 


0.67 


24.8 


17,200 


5.2 


4 


0.050 


0.67 


24.7 


'; 14,400 


4.6 


5 


0.070 


0.67 


24.7 


1 12,100 


: 4.0 


6 


0.088 


0.67 


24.6 


: 10,000 


: 3.2 


7*(2) 


0.000 

1 


0.67 


1 






* 

8 


1 0.090 

1 • 


0.67 


24.6. 


9,100 


3.0 » 

1 



(note) (1) The samples marked with * represent comparative 
examples, the others being embodiments o£ the 
present invention. 
(2) Sample No. 7 was not sintered, thereby making it 
impossible to measure the respective 
characteristics • 
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Table 2 



Sample y + w, y, w an€L u 





! xn lihe 


general formula 


(I) 




• Qu 


Tf 




y +w 


y 


w 


1 

I u 








9*(2) 


1 0.001 


0 


; 0.001 


0,670 




j 




10 


0.002 
0.005 


0.001 


t 

1 0.001 


1 0.670 


24.0 


i 

1 10,100 


'■ 4 


11 


0.0025 


1 0.0025 


\ 0.670 


24.0 


; 11,300 


1 5 


12*(2) 


0.005 


0 


! • 

1 0.005 


0.670 








13 


0.010 


0.005 


0.005 


; 0.670 


i 24.6 


i 13,400 


6 


14 


0.030 


0.015 


0.015 


• 0.670 


i 

: 24.6 


1 16,700 


i 

8 


15 


0.060 


0.030 


0.030 


0.670 


24.9 


■ 10,900 


i 

6 


16 


0.100 


0.050 


0.050 


0,670 


24.7 


15,500 


3 


17 


0.150 


0.075 


0.075 


0.670 


24.6 


14,600 


0 


18* 


0.200 


0.200 


0 


0.670 


24. 7 


//www 




19 


0.200 


0.100 


0.100 


! 0.670 


2;4.7 


; 13,400 


-1 


20* 


0.200 


0 


0.200 


i 0.670 


24.7 


j 6,800 


2 


21 


0.250 


0.180 


0.070 


t 

; 0.670 


24.9 


i 12,800 


; -1 


22 


0,250 


0.070 


0.180 


j 0.670 


24.8 


12,500 


j -1 


23 


0.300 


0.150 


0.150 


; 0.670 


• 25.0 

f 


12,400 


• -3 


24 


0.350 


0.300 


0.050 


i 

j 0.670 


; 25.0 

! 


10.800 


-5 


25 


0.350 


0.050 


0.300 


^ 0.670 


I 24.9 


9,300 


-6 


26 


0.395 


0.390 


0.005 


: 0.670 


25.2 


8,700 


-7 


27 


0.395 


0.005 


0.390 


; 0.670 


25.1 


8,200 


1 


28 


0.400 


0.010 


0.390 


! 

1 0.670 

1 


25.2 


7,100 


-10 1 

! 




0^668 



(coh-fcinued) 





XT ^ TaT 


y, w and 


U 






t 
1 






No (1) 




general formula 


(I) 




Qu 


T f 








y ! 


w 




u 




(ppm/«C) 


29 


0.400 




0.590 


0.010 


- 


0.670 


25.2 


7,600 


.t9 


30 


0.400 




0.200 


0.200 




0,670 


25.3 


8,000 


-13 


31* 


; 0.420 




0.310 


0.110 




0.670 


25.3 


6,900 


-17 


i 


f 

0.420 


1 


0.110 


0.310 




0.670 


25.2 


5,800 


-16 



(note) (1) The samples marked witii * represent: compeucatlve 



examples, the others bexng embodiments of the 

present invention. 

(2) Samples No. 9 and 12 were not sintered, thereby 

making it impossible to measure the respective 

characteristics • 
It IS obvious from Tables 1 and 2 that the dielectric ceramics of sample Nos. 1 to 6, 10, 11, l3to 17, 19 
and 21 to 30. which are embodiments of the present invention, have efficient characteristics in the dielectric 
30 constant unloaded Q and the temperature coefficient of the resonant frequency, and that, in particular, the 
unloaded O have large values exceeding 7,000. sometimes exceeding 10,000 depending upon the 
composition. 

On the other hand, the ceramics of sample Nos. 8. 18, 20, 31 and 32. which have the composition out 
of the range of the present Invention, have small unloaded Q and the temperature dependency of the 
35 resonant frequency is not always good. 

When the ceramics of the above-described sample Nos.. namely, the embodiments of the present 
invention were pulverized and the thus-obtained powders were subjected to X-ray diffraction, phases of the 
perovskite crystal structure were observed and completely no or hardly any other phase was observed. Fig. 
1 is an X-ray diffraction chart of the ceramics of the sample No. 19. The indexed diffraction lines derive 
40 from a hexagonal perovskite structure, and hardly any other diffraction line is ot>served. 



Example 3 

45 As a raw material, powders of barium cart)onate. magnesium oxide, nickel oxide, tantalum oxide and 
niobium oxide, each having the purity of 99.9 wt%, were prepared. These powders were weighed so as to 
prepare 9 kinds of samples shown in Table 3 (the samples marked with * are comparative examples, and 
the others are embodiments of the present invention) which have the respective values shown In Table 3 as 
the values of y and u in the general formula (I): Ba(Mgi.y Niy)i^ (Tat.zNbz )uOp. A ceramics was obtained in 

50 the same process and under the- same conditions as in Bcample 1. 

The dielectric constant (er), the unloaded Q (Qu) and the temperature coefficient (rf) of the resonant 
frequency were measured in the same was as in Example 1, the results being shown in Table 3. 

It is obvious from Table 3 that the dielectric ceramics of sample Nos. 35 to 40, which are embodiments 
of the present invention, have the unloaded Qs larger than 7.000. . 

55 
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Table 3 



Sample No. | y and u in the 





general formula (1) 


er 


Qu 


Tf 


i 


y 


u 


1 




{ppm/»C) 


33* 


0.00 

i 


0.67 


29.7 


5,300 


35 


34* 


0.02 


0.67 


31.8 i 
32.1 ^ *' 


6,500 


30 


35 


0.04 


I 

0.67 


7,100 


24 


36 


0.10 


0.67 


31. O' .'■ 


7,800 


18 


37 


0.30 


0.67 


30.3 


9,700 


3 


! 38 i 


0.50 


0,67 


28.4 


9,300 


-7 


39 


0.70 


0.67 


26.6 


9,000 : 


-13 


40 


0.90 


0.67 


25.0 


7,400 


-18 


41* 


0.93 


0.67 


24.2 


6,400 


-20 



(note) The samples marked with * represent comparative 



examples, the others being embodiments of the 
present invention. 

Example 4 

As a raw material, powders of barium carbonate, strontium carbonate, magnesium oxide, nicicel oxide, 
^ tantalum oxide and niobium oxide, each having the purity of 99.9 wt%. were prepared. These powders were 
weighed so as to prepare 21 kinds of samples shown in Table 4 (the samples marked with * are 
comparative examples, and the others are embodiments of the present invention) which have the respective 
values shown in Table 4 as the values of x, y, z and u in the general formula (I) : (Bai.xSr x) (Mg^^iy) i. 
u(Tai.2Nb2)uOp. A ceramics was obtained in the s^e process and under the same conditions as in Example 

^ i; 

The dielectric constant (^r), the unloaded Q (Qu) and the temperature coefficient (rf) of the resonant 
frequency were measured in the same was as in Example 1, the results being shown in Table 4. 

It is obvious from Table 4 that the dielectric ceramkis of sample Nos. 42 to 54, which are embodiments 
of the present invention, have the unloaded Q larger than 7,000. 

50 
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Table 4 



Sample 



• X, y, and z in the 
. general . formula (I) 



er 



Qu 



70 



75 



20 



25 





1 

X 


y 1 






1 

:< 


[ppm/*C) [ 


42 


t 

U .01 


0.0 


ft ft ' 
u .0 


25 




A 

4 


43 .. ; 


0.01 i 


0.0 i 


0.8 


30 


10,000i 


27 ! 


44 


0.01 


0.5 . 


0.0 


24. 


13,200? 


-6 ; 


45 


0.01 


0.5 i 


0.8 


30 


9,200* 


12 ' 


46 


0.1 ! 


0.1 i 


0.3 


26 


14,000; 

io,ooo' 


27 


47 


0.1 1 




0.7 ' 


30 


44 


48 


0.1 ! 


0.3 


0.4 j 

0 5 


27 


11,000 i 


21 : 


49 


0 2 ' 


0 1 


28 






50 


0.2 


0.4 ; 


0.6 


29 


8,000' 


32 


51 


0.25 


0.0 


0.0 


24 


14,000 


47 


52 


0.25 


0.0 


0.8 


30 


7,400 


44 


53 


0.25 1 


0.5 ' 


0.0 


25 


8,000 


39 , 




0.25 ! 


0.5 1 


0.8 


30 


7,900 


48 1 




0.0 ! 


0.4 j 


0.0 ' 


NOT 


SINTERED 


t 

- 


56: 


0.0 


0.4 i 


0.5 


NOT 


SINTERED 




57* 


0.1 


0.1 i 


0.85 


31 


6,900 


51 


58^ 


0.1 


0.55 ; 


0.6 


28 


5,800 


; 42 




0.2 


0.4 1 


0.9 


31 


! - 6,400 


60 • 




1 0.2 i 


0.6 i 


0.2 


25 


5,900 


41 




1 0.3 


0.1 i 


0.1 


24 


6,000 


59 . 


62* 


I 0-35 1 


0.4 j 


0.7 


29 


4,500 


1 62 .- . 



30 



35 



40 



(nolle) The samples marked with * represent comparative 
examples, the others being embodiments of the 
present invention. 

The dielectric ceramics of the present invention has efficient characteristics in the dielectric constant, 
the unioaded Q and the temperature coefficient of the resonant frequency in a high-frequency range in the 
vicinity of 10 GHz. Especially, since the unloaded Q is a large value exceeding 7.000, and can be more 
than 10,000 in the case where the connposition is Ba{(Mgi.y.wNiyCOw)i-uTao}0p or Ba{(Mgi.yNiy)i.yTa u}Op, it 
can meet the recent demand for the use of higher frequencies. 

in addition, it has a small absolute value of the temperature coefficient of the resonant frequency and it 
is possible to freely control the value in accordance with purpose. It also has a high value in the dielectric 
constant. Thus, the dielectric ceramics of the present invention is very useful as a dielectric ceramics used 
for various dielectric resonators and dielectric substrates for high frequencies. 

While there has been described what are at present considered to be preferred embodiments of the 
invention, it will be understood that various, modifications may be made thereto, and it is intended that the 
appended claims cover all such modifications as fall within the true spirit and scope of the invention. 



50 



Claims 



1 . A dielectric ceramics having a composition represented by the following general formula (I) : 
(Bai.xSr^) (Mg,.y^NiyCo w)ihi (Tai.zNb^) Op ... (1) 

wherein x 0, w » o, z - 0. 0.001 ^ y ^ 0.088. 0.66 ^ y < 0.72, and p represents a number with which 
the charges of the cations of Ba, Mg, Ni and Ta are neutralized, whereby the entire composition is 
electrically neutralized. 

2. A ceramics according to Claim 1, wherein 0.66 5 u ^ 0.68. 
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3. A dielectric ceramics having a composition represented by the following genera! formula (i) : 
(Bai.^rx) (Mgi.y^ NiyCOw)iH. (Tai.zNbJuOp ... (I) 

wherein x = 0. z « 0. 0.001 ^ y 5 0.40. 0.001 jS w S 0.40, 0.61 ^uS 0.72, 0.002 i y + w ^ 0.40. and p 
represents a number with which the charges of the cations of Ba. Mg. Ni, Co and Ta are neutralized. 
5 whereby the entire composition is electrically neutraOzed. 

4. A ceramics according to Claim 3, wherein 0.002 S y w ^ 0.35. 

5. A ceramics according to Claim 1 , wherein 0.66 ^ u ^ 0.68. 

6. A dielectric ceramics having a composition represented by Hie following general formula (I) * 
(Bai-xSrx) {Mgi.y^NiyCOvr)iMi (Tai.jNbJuOp ... (I) 

70 wherein x = 0, w = 0, 0.04 ^ y ^ 0.90, 0.10 ^ z ^ 0.96, 0.61 ^u^ 0.72. and p -represents a number with 
which the charges of the cations of Ba, Mg, Ni, Nb and Ta are neutralized, whereby the entire composition 
is electrically neutralized.. 

7. A ceramics according to Claim 6. wherein 0.66 S u 5 0.68. 

8. A dielectric ceramics having a composition represented by the following general formula (t) : 
75 (Bai.MSrx) (Mgi.y.^NiyCOw)iHi (J^^•JNto^Op ... (!) 

wherein w = 0, 0 < x ^ 0.25, 0 ^ y ^ 0.5, 0 S z ^ 0.8, 0.61 ^ u ^ 0.72, and p represents a number with 
which the charges of the cations of Ba, Sr, Mg, Ni. Ta and Nb are neutralized, whereby the entire 
composition is electrically neutralized. 
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0.001 Sy S 0.40, 0.001 ^ w ^ 0.40, 0.61 S \1 S 0.72, 
0.002 ^ y + w ^ 0,40 and p represents a number 
^with which the charges of the cations of Ba. Mg. Ni, 
Co and Ta are neutralized, whereby the entire com- 
S9 position is electrically neutralized; x = 0, w = 0, 
§0.04 S y ^ 0.90. 0.10 ^ z < 0.96; 0.61 ^ 0.72, 
^and p represents a number with which the charges 
l^of the cations of Ba, Mg, Ni. Nb and Ta are neutral- 
CSized, whereby the entire composition is electrically 
Q neutralized: and w = 0. 0 < x ^ 0.25. 0 ^ y ^ 0.5. 0 
^ z ^ 0.8. 0.61 ^ u £ 0.72, and p represents a 
^ number with which the charges of the cations of Ba, 
^Sr, Mg. Ni, Ta and Nb are neutralized, whereby the 
entire composition is electrically neutralized. 
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